Severe fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease that is caused by a novel bunyavirus, SFTSV. We assessed whether the single nucleotide polymorphisms (SNPs) in the tumor necrosis factor-alpha (TNF-α) were associated with risk to severity of SFTS. Five TNF-α SNPs (SNP1: T-1031C; SNP2: C-863A; SNP3: C-857T; SNP4: G-308A; SNP5: G-238A) were genotyped in 987 hospitalized SFTS patients and 633 asymptomatic/mild SFTSV-infected subjects of Chinese Han origin. Multivariate logistic regression analysis was used to calculate adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs). The hospitalized SFTS patients had significantly lower frequency of G-238A A allele than those with mild/asymptomatic infection (P = 0.006). Furthermore, T-1031C C allele (P < 0.001) and G-238A A allele (P < 0.001) were significantly associated with decreased risk of death. Multiple haplotypes were significantly associated with de-
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Introduction
Severe fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease that is caused by a novel bunyavirus named SFTS virus (SFTSV) [1] , a novel phlebovirus belongs to the Phenuiviridae family (https://talk.ictvonline.org/taxonomy). Since its discovery in 2009, over three thousands of cases have been reported from at least 23 provinces in China [2] . Recent case report in South Korea and Japan demonstrated its existence outside of China, thus indicating the imminent public health impact of this emerging infectious disease [3] [4] [5] .
Host genetic variations may contribute to severity and death of SFTS. Although large amounts of individuals had been exposed to the SFTSV in endemic areas, only a small proportion developed symptomatic disease, with their clinical manifestations ranging widely from an acute self-limited febrile illness to complications of various severity and even death [6, 7] . Among all the studies that reported risk factors for adverse disease outcome, older age has been consistently found to increase the death risk [8, 9] , suggesting the role of host immunity in determining the clinical disease.
Based on the current knowledge, inflammatory cytokines and chemokines, the first ramification of activation of the innate immune cells, play important roles in the pathogenesis of SFTS [10] [11] [12] . As for patients with adverse disease outcome, the altered production of these cytokines has constantly been found, which process might be genetically determined [13] . Actually, both peripheral cytokine level and their determined genetic polymorphism have been explored for their relationship with the risk of acquiring infection and related disease severity, such as hepatitis B and fungal infections [14, 15] . Among the cytokines, TNF-α is a major regulator of the inflammatory response that acts locally to trigger a cascade of other pro-inflammatory and chemotactic cytokines and adhesion factors. TNF-α has been putatively implicated in the pathogenesis of a variety of diseases including infectious disease, autoimmune disorders, neoplasia, and malignant diseases [16] . The increased levels of TNF-α was observed in SFTS patients than in healthy individuals, and to an even higher level in fatal patients [17] [18] [19] . A number of single nucleotide polymorphisms (SNPs), which are thought to affect the TNF-α production, have been found to alter individual susceptibility to a wide spectrum of infectious disease. Among all the genetic polymorphisms that determined the TNF-α expression in human serum, those located in the promoter region have been most frequently implicated in the regulation of TNF-α expression [20] [21] [22] . On the basis of the functional role of TNF-α in the pathogenesis of SFTS, we are impelled to explore the possible role of the TNF-α promoter polymorphisms in determining the disease severity of SFTS in Chinese Han population.
Results

Population characteristics
A total of 987 virologically confirmed SFTS patients who needed hospitalization and 633 asymptomatic/mild SFTSV-infected subjects of Chinese Han origin were recruited for the study. Fatal outcome developed in 106 hospitalized SFTS patients. By checking the medical records and by interviewing the participants' guardians, we determined that all cases and controls were genetically unrelated Han Chinese. The selected characteristics of subjects are shown in Table 1 . Compared with the asymptomatic/mild SFTSV-infected subjects, SFTS hospitalized patients were significantly older (P < 0.001), more often to be female (P < 0.001) and with more presence of underlying medical conditions (P = 0.009). Compared with non-fatal patients, significantly older age (P < 0.001), more male gender (P = 0.046) and over-presence of underlying medical conditions (P = 0.001) were found in fatal patients (Table 1) .
Individual polymorphism and risk of hospital admission of SFTS
Sequencing of the~1.2-kb genomic region in the TNF-α gene in 174 individuals revealed 8 polymorphisms (Table 2 ). To ensure enough statistical power, a value of 0.03 of minor allele frequency was set as the threshold value of inclusion in this study. Finally, five polymorphisms (SNP1, T-1031C; SNP2, C-863A; SNP3, C-857T; SNP4, G-308A; and SNP5, G-238A) were selected in the subsequent genotyping analysis. The genotyping results for the five TNF-α polymorphisms were shown in Table 3 . The observed genotype frequencies for the five polymorphisms conformed to Hardy-Weinberg equilibrium in two groups, respectively (all P > 0.05). When compared with asymptomatic/ mild SFTSV-infected subjects controls, significantly decreased frequencies of SNP1 and SNP5 were observed in hospitalized SFTS patients by using multivariate logistic regression model to adjust for the effect from age, sex, and underlying medical conditions (P = 0.043 and 0.006 respectively) ( Table 3) . After multiple corrections, only G-238A was significantly associated with hospital admission of SFTS.
The associations between the G-238A polymorphism and hospital admission of SFTS were further examined with stratification by age, sex, and underlying medical conditions (S1 Table) . Although the effect appeared to be more pronounced in subjects who were females, younger ( 60 years), and without underlying medical conditions, these differences could be attributed to chance (all P > 0.07, test for homogeneity), indicating that these potential confounding factors had no modification effect on the risk of SFTS hospital admission related to the G-238A genotypes. 
Individual polymorphism and risk of SFTS related death
By using multivariate logistic regression model to adjust for the effect from age, sex, and underlying medical conditions, significant associations with fatal outcome were observed for the T-1031C and G-238A polymorphisms (Table 4 ). For T-1031C polymorphism, the genotypes containing C allele (TC + CC genotypes) were significantly associated with decreased risk to death when compared with the TT genotype (OR = 0.43, 95% CI = 0.26-0.71; P < 0.001) ( Table 4) . For G-238A polymorphism, when compared with the -238GG genotype, the genotypes containing A allele (GA + AA genotypes) were significantly associated with decreased risk to SFTS related death (P < 0.001). The significant associations remained after correction for multiple comparisons. No association between risk of SFTS related death and other investigated polymorphisms were found after multiple testing. In the stratification analyses, sex, age, and underlying medical condition had no modification effect on the risk of SFTS related death related to the -1031 TC + CC genotypes and -238 GA + AA genotypes respectively (S2 Table) .
Haplotypes and SFTS disease severity
The pairwise disequilibria measures (D´and r 2 ) of the five TNF-α polymorphisms ( Fig 1A) were calculated. Fig 1B and 1C showed that two polymorphisms, T-1031C and C-863A, were 
The number of genotyped samples varies because of genotyping failure for some individuals.
Abbreviations: OR, odds ratio; CI, confidence interval; NA, not applicable.
a Comparison between non-fatal patients and fatal patients, after adjusted for age, sex, and underlying disease.
https://doi.org/10.1371/journal.pntd.0006547.t004
in strong LD. We next performed haplotype analysis to derive haplotypes specifically correlated with disease severity of SFTS. When compared with asymptomatic/mild SFTSV-infected subjects, the frequencies of seven multi-SNP haplotype systems (Fig 1D) and multiple haplotypes (SNP1-2, CC; SNP1-3, CCC; SNP1-4, CCCG; SNP1-5, CCCGA; SNP2-4, CCGA; SNP3-5, CGA;SNP4-5, GA) ( Fig 1E) were found to be significantly lower in hospitalized SFTS patients after correction for multiple comparisons. When comparison was made between non-fatal and fatal patients, several multi-SNP haplotype systems (Fig 1F) and seven multi-SNP haplotypes (SNP1-2, CA; SNP1-3, CAG; SNP1-4, CACG; SNP1-5, CACGG; SNP2-3, AC; SNP2-4, ACG; SNP2-5, ACGG) were found to be associated with decreased susceptibility to death of SFTS, after correction for multiple comparisons (Fig 1G) .
Effects of the T-1031C and G-238A polymorphisms on TNF-α serum expression
Altogether 61 hospitalized SFTS patients at acute phase and 25 hospitalized SFTS patients at convalescent phase were evaluated for the serum TNF-α level. The serum TNF-α levels from acute phase were significantly higher than that obtained from convalescent phase (P < 0.001; Fig 2A) . In addition, the TNF-α levels from fatal hospitalized SFTS patients were significantly increased compared with non-fatal hospitalized SFTS patients (P < 0.001; Fig 2B) .
The TNF-α serum levels in 61 SFTS patients were also evaluated for their association with T-1031C and G-238A genotypes. No significant difference of TNF-α serum levels was observed between T-1031C TC + CC genotypes and TT genotype carriers (P = 0.096; Fig 2C) . However, among the 61 hospitalized SFTS patients, those carrying the -238A allele (n = 4) had significantly lower TNF-α level than the GG genotype carriers (n = 18) at acute phase (P = 0.01; Fig 2D) .
Discussion
In this study, we found two SNPs (T-1031C and G-238A) in the promoter of TNF-α gene were associated with disease severity of SFTS in Chinese Han population. Multi-SNP haplotypes derived from the TNF-α polymorphisms was also shown to be associated with the decreased risk to hospital admission and death of SFTS. Furthermore, consistent with the populationbased association study, the decreased TNF-α serum levels from the -238A carriers were also observed. These findings suggest that TNF-α gene polymorphisms might contribute to the severity of SFTS by influencing TNF-α expression in Chinese Han population.
Our observed genetic associations are plausible from a biological perspective. TNF-α is a potent pro-inflammatory and immunoregulatory cytokine that plays a key role in the initiation, regulation, and perpetuation of the inflammatory response. As for SFTS, we found that the TNF-α concentration of hospitalized patients was higher in acute phase as than in convalescent phase. Elevated TNF-α concentration was also revealed from fatal patients. Our results are consistent with those of previous studies, regarding the abnormally increased expression of TNF-α in the severe and especially fatal SFTS [10] [11] [12] [17] [18] [19] . TNF-α has been suggested to act on the endothelium, inducing vasodilating substances, stimulating nitric oxide synthase, increasing capillary endothelial permeability. This process might be responsible for the occurrence of haemorrhagic manifestations, eventually resulting in DIC or MOF, and even death in SFTS [23] .
The TNF-α T-1031C and G-238A polymorphisms are reportedly capable of altering TNF-a expression, however with controversy among various studies. In vitro studies showed that the -1031C and -238A alleles conferred increased transcriptional activation of the TNF promoter [20, 24, 25] . In contrast, other studies showed no associations between two polymorphisms and TNF-α expression [21, 22] ; one study revealed that the -238A-allelic TNF-α promoter was associated with a reduced transcriptional activity by luciferase assays and this allele was associated with decreasing TNF-α expression in psoriasis patients [26] . In the present study, we indeed found decreased TNF-α serum levels in hospitalized SFTS patients with the -238A allele, which is consistent with the results of population-based association study, however, no such significant association was determined between T-1031C genotypes and TNF-α levels. Further studies with large sample size are warranted to elucidate the molecular mechanism of these two important polymorphisms.
This study demonstrated how the appropriate choice of control groups might impact on the results of population based study. The genius control group might be mixed up with individuals who have not been exposed to the virus at all, thus masking the association. The current study chose asymptomatic SFTSV-infected subjects as controls. The asymptomatic SFTSV-infected controls might represent a real control, who have been similarly challenged with the SFTSV, while remained apparently healthy, or at least with very mild disease not to be recalled by the individual. Because asymptomatic SFTSV-infected subjects cannot necessarily recall all the possible flu-like symptoms that might be a mild or very mild SFTS disease within a period of 5 years, we have defined the asymptomatic SFTSV-infected subjects as asymptomatic/mild SFTSV-infected subjects.
Recently, several association studies have shown that the TNF-α polymorphisms were related to the susceptibility to various specific infections, including pulmonary tuberculosis, leprosy, severe sepsis in trauma patients, HBV, and HIV [27] [28] [29] [30] [31] [32] . Some of the results, however, could not be replicated in subsequent studies. The lack of reproducibility may be ascribed to multiple factors, such as small sample sizes, the different ethnicities of study populations and/ or different genetic background. The design and results of our study include many of the features that are considered desirable components of an ideal association study, including large sample size, small P values, and an association that makes biological sense.
We acknowledge the potential limits of the study. Firstly, due to the low minor allele frequency of G-238A, the number of the -238A allele carriers for the ELISA assay was very small. Consequently, the effects of the G-238A polymorphism on TNF-α serum expression should be interpreted in caution. Secondly, considering that lower level of TNF-α expression in -238A allele was associated with decreased risk to severe SFTS, G-238A cannot be used to identify individuals with high-risk of becoming severe. Thirdly, only five polymorphisms in the TNF-α promoter were studied. Without performing a systematic screen for variants in the whole TNF-α gene, we cannot exclude the possible linkage disequilibrium that existed between these two polymorphisms and other nearby causative variant. Deep resequencing of this gene may help to uncover additional associated variants and facilitate selection of potential causal variants for further functional studies.
In conclusion, our results reveal, for the first time, an association between the TNF-α polymorphisms and lower risk to severe of SFTS in Chinese Han population. These findings provided evidence supporting the importance of TNF-α in the pathogenesis of SFTS. If confirmed by other studies, knowledge of genetic factors contributing to the pathogenesis of SFTS as presented here would be important for the assessment of one's susceptibility to SFTS and other infectious diseases, especially those sharing a mode of action similar to that of SFTS.
Methods
Study populations
The study was performed in a SFTS designated hospital (The 154 Hospital of People's Liberation Army) in Xinyang administrative district of Henan Province between 2011 and 2014. All SFTS patients were newly diagnosed and virologically confirmed hospitalized patients. Definitive diagnosis of SFTS patients was based upon typical clinical and epidemiological findings and by detection of SFTSV genomic segments using reverse transcription polymerase chain reaction (RT-PCR) (detailed in SFTSV RNA detection). Information regarding demographic characteristics, medical history, clinical manifestation, laboratory test results were prospectively collected using a standard questionnaire.
Asymptomatic/mild SFTSV-infected subjects (no need of medical attention at a hospital) were selected from healthy subjects who underwent routine physical examination in the same hospital during the same period when the cases were recruited. Their sera samples were subjected for SFTSV specific IgG antibody test by enzyme-linked immunosorbent assay (ELISA). Only those positive for SFTSV IgG antibody while negative for SFTSV genomic segments and denied clinical manifestations resembling SFTS were included as eligible asymptomatic/mild SFTSV-infected subjects. By checking the medical records or by interviewing the participants, we determined that all asymptomatic/mild SFTSV-infected subjects were genetically unrelated Han Chinese and have not been hospitalized for febrile disease in the past five years.
For each participant, peripheral blood and sera were collected and immediately stored at -80˚C until genomic DNA/RNA extraction.
Ethics statement
The study was performed with the approval of the Ethical Committee of Beijing Institute of Microbiology and Epidemiology and conducted according to the principles expressed in the Declaration of Helsinki. All participants were adults and provided written informed consent.
SFTSV RNA detection
Viral RNA was isolated from serum samples using QIAamp Viral RNA Mini Kit (Qiagen, Germantown, MD, USA), according to the manufacturer's instructions. One step Primer Script RT-PCR Kit (TaKaRa) was used according to the manufacturer's instructions for SFTSV detection according to the method described previously [33] . The reaction was performed on an ABI 7500 Real Time PCR System (Applied Biosystems, USA). The primers and TaqMan probes used for the SFTSV detection were as follows: 5 0 -TTCACAGCAGCATG GAGAGG-3 0 (forward primer), 5 0 -GATGCCTTCACCAAGACTATCAATG-3 0 (reverse primer), 5 0 -AACTTCTGTCTTGCTGGCTCCGC-3 0 (probe). Nested RT-PCR and sequencing of the M-segment were performed on randomly selected positive samples to verify the realtime RT-PCR results.
Validation of TNF-α variants
The primer set covering the genomic sequence of the promoter region of the TNF-α gene, which spans 1.2 kb (from nt 2935 to nt 4137; GenBank accession no. M16441.1), was designed on the basis of size and overlap of polymerase chain reaction (PCR) amplicons. The screening panel included DNA from 174 individuals randomly selected, without regard to disease status, from the total study population of 2270 individuals. The primers for the target regions were designed using the Web-based software Primer3 [34, 35] (S3 Table) . DNA samples from the 174 individuals were amplified and purified. PCR conditions were identical to those used for the SNP discovery described previously [36] . Briefly, PCR was performed with a 25 mL reaction mixture containing 20ng DNA, 1.0mmol/L each primer, 0.2 mmol/L each dNTP, 2.0 mmol/L MgCl2, and 1.0 U Taq DNA polymerase in 1X reaction buffer (Takara Biotech, Dalian, China). The reaction for amplification was carried out in the following conditions: an initial melting step of 2 min at 95˚C, followed by 35 cycles of 30 s at 94˚C, 30 s at 57˚C, and 30 s at 72˚C and a final elongation of 7 min at 72˚C. Then the PCR products were sequenced using an ABI PRISM Dye Terminator Sequencing Kit with Amplitaq DNA polymerase (ABI) and loaded onto an ABI 3730 sequencer. Polymorphism candidates were identified by the PolyPhred program and were inspected by 2 observers. Polymorphism positions and individual genotypes were confirmed by reamplifying and resequencing the polymorphism sites from the opposite strand. The primers are available on request.
Polymorphism genotyping
The five promoter polymorphisms were selected for genotyping by use of PCR direct sequencing in the case-control population. The primers for PCR and sequencing and the reaction parameters were identical with those used for the polymorphism validation procedure mentioned above. Genotyping was done in a blind manner that the performers did not know the subjects' case and control status. The accuracy of genotyping data for each polymorphism was validated by masking, choosing at random, and resequencing 15% of the samples from case patients and control subjects.
ELISA assay
To compare the differential expression of TNF-α among genotypes, hospitalized SFTS patients and asymptomatic/mild SFTSV-infected subjects were randomly selected to measure the serum concentrations of TNF-α by using TNF-α ELISA assay (GenWay Biotech, USA). The assays were performed according to the instructions of the manufacturers. All measurements were performed in duplicate.
Statistical analysis
Genotype and allele frequencies for polymorphisms were determined by gene counting. The fitness to the Hardy-Weinberg equilibrium was tested using the χ 2 test. Associations between polymorphisms and risk of SFTS were estimated by use of logistic regression analyses. Odds ratios (ORs) and 95% confidence intervals (CIs) were used to measure the strength of association. In view of the multiple comparisons, the correction factor n (m − 1) (n loci with m alleles each) was applied to correct the significance level. This method showed that P values of 0.01 and below can be considered statistically significant after correction for multiple testing. The TNF-α serum concentrations were log transformed, and tested for differences between different groups by two-sample Wilcoxon rank-sum test. These analyses were performed using SPSS software (version 17.0, SPSS Inc., Chicago, IL). The pairwise LD calculation (Lewontin's D´and r
2
) and haplotype blocks construction were performed using the program HaploView 4.2. Haplotypes based on the polymorphisms in the TNF-α gene were inferred using PHASE 2.1 software. Haplotype frequencies of the cases and controls were compared using χ 2 tests.
The haplo.glm program was then used to calculate adjusted ORs for each haplotype, and the number of simulations for empirical P values was set at 1000. 
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